Background: Cardiovascular disease is the major contributor to excess morbidity and mortality in winter. With the rise in temperatures through global warming, and the use of central heating and air conditioning, this seasonal variation may be declining. Aim: To study possible changes in seasonal variation in case-fatality rates of myocardial infarction (MI), in men and women, over a 20-year period and compare this with possible environmental influences. Design: Retrospective analysis of death certificate and climatological data. Methods: We analysed all monthly death certificate data from Northern Ireland, for death caused by MI from 1979 through 1998 (n = 68 683). Mortality data were standardized to a single reference group
Introduction
In 1926. the first correlation was noted between seasons and attacks of coronary thrombosis. 1 Since then, seasonal variations in cardiovascular mortality have been documented in both northern and southern hemispheres, normally with an increase in winter. [2] [3] [4] [5] Peaks have also been observed in autumn, spring and in summer, although this is less common [6] [7] [8] and the seasonal rhythm is low or absent near the equator and in sub-polar regions. 9 A seasonal trend in specific acute myocardial infarction (MI), peaking in winter and lowest in summer, has been observed extensively in the US and Europe. [10] [11] [12] Both low and high temperatures increase MI mortality, therefore climatic trends and changes to indoor environments should impinge upon the observed seasonal variation. 13 With global warming, a decrease in the amplitude of the circannual rhythm would be expected. 14 Additionally, increased use of central heating and air-conditioning should alleviate temperature stress in winter and summer respectively. A study in the US reported a decline in seasonality of coronary heart disease mortality from 1939-1970, after which time the trend reversed. 15 The authors suggest that this is in keeping with the gradual increase in adequate heating and the subsequent increase in use of air-conditioning.
In developed countries, death rates for cardiovascular disease (CVD) have decreased by nearly 60% from their peaks in the 1960s and 1970s. Northern Ireland, with one of the highest mortality rates in the world for ischaemic heart disease, has shown a late start in this decline. 16 The MONICA (National Monitoring of Trends and Determinants of Cardiovascular disease) project, a ten-year study of cardiovascular disease between 29 populations in 19 countries, showed that most of the variance in CVD mortality was unexplained. 17 Campaigns to address factors that contribute to CVD such as smoking, hypertension, hyperlipidaemia together with improved treatment can explain, at most, 50% of the decline in myocardial infarction. 18, 19 The two temporal attributes of MI mortality under consideration are its secular trend and its seasonal variation, and the two may be closely linked. While the first is carefully monitored, the second is less so. This epidemiological investigation reports the changes in the circannual rhythm in mortality from myocardial infarction (MI), over the period 1979-1998 in Northern Ireland. The influences of temperature, sunshine and air pollution are investigated in relation to the mortality rhythms.
Methods

Mortality and environmental data
Mortality data for the years 1979-1998 were obtained from the Registrar General's Office, Northern Ireland. The International Classification of Disease (9th edition) was used to select deaths from MI (code 410).
Mean minimum temperature and hours of sunshine for each month (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) were supplied by the Meteorological Office, from a central monitoring station in Aldergrove, Co Antrim. The environmental data therefore covered the same geographical area as the mortality data. Mean monthly levels of PM 10 (particulate matter with diameter -10 mm) for the period 1992-1997 were provided by the National Atmospheric Emission Inventory for the central monitoring station in Belfast City Centre.
Rhythm analysis
Cosinor models were used to quantify seasonal rhythms in mortality and the environmental variables over the 20 years studied. Mortality data were standardized to a single reference population from the whole period prior to cosinor analysis. Mortality data were thus adjusted for any change in the age and sex structure of the population. Month and year length were also accounted for in determining the standardised mortality ratio (SMR). SMR ratios for each month throughout the 20 years were used for the cosinor analysis.
Cosinor models 20 were fitted to each annual cycle to generate estimates from which the mesor, acrophase and amplitude could be calculated using a program developed in house. The mesor (M) (midline-estimating statistic of rhythm) or annual mean is where the fitted sinusoidal curve intersects with the y-axis, giving a rhythm-adjusted mean. The amplitude (A) is the distance from the mesor to the highest value on the fitted sinusoidal curve, or half the difference between the highest and lowest values. The amplitude represents half of the seasonal variation. The acrophase (w) is the time when the peak occurs, measured in degrees from 08. 0-308 therefore represents the month of January, 30-608 February, etc. The acrophase for mean minimum temperature and for hours of sunshine represents the peak value and therefore 1808 were subtracted to obtain the time of the lowest mean temperature and minimum hours of sunshine. The acrophase for the mean level of pollution (PM 10 ) needed no adjustment, since it is peak levels that are thought to affect cardiovascular mortality.
The statistical significance of each seasonal rhythm was determined by F-test (F 1-a (2,n-3)) of the amplitude A/0. The critical value of F is 4.256 when a = 0.05 with (2,9) degrees of freedom. A p value )0.05 or rejection of the zero amplitude (no rhythm) that is A/0 assumed that the fitted curve approximates the data more closely than does a straight line with zero slope. Acceptance of the hypothesis A = 0 implies that either the data is essentially constant with time, or the single cosinor model is otherwise inappropriate.
A peak-to-trough ratio was calculated for each annual cycle. This expresses the seasonal variation as a percentage of the mean or mesor, therefore taking into account any change in the rate of mortality. Linear regression was used to measure the change in seasonal variation over the period of study. A quadratic term was also used to test for curvature in the relationship between peak-to-trough ratio and year.
Results
A total of 68 683 deaths from MI (38 808 males; 29 875 females) occurred during the 20 years studied. Both men and women showed significant seasonal variation in mortality for most years studied, with a decline in mesor over the study period (Table 1 Figure 1 ). Figure 2 shows the 20 data points depicting the annual ratio of peak-to-trough occurrence of MI deaths in Northern Ireland during the study period. For no year or sex does the ratio fall below one, indicating that seasonality is present. A linear trend line through these data points gave a slope of À0.0058 (SE = 0.004, R 2 = 10%, t = À1.4, p = 0.179) for males and a slope of À0.0030 (SE = 0.003, R 2 = 4%, t = À0.87, p = 0.394) for females. Neither slope was significant, nor was a Figure 1 depicting SMRs of seasonal deaths indicates an apparent decline in seasonal variation over the study period, this is shown to be statistically insignificant when interpreted in the context of the fall in the mean, i.e. when peak-to-trough ratios are examined. Figure 3 shows the changes over 20 years in absolute values for ambient mean minimum temperature and hours of sunshine for Northern Ireland. The mean annual minimum temperature increased by 0.04 8C per year over 20 years (SE = 0.02, R 2 = 17%, t = 3.8, p = 0.07). The annual hours of sunshine increased by 0.25 h (SE = 0.37, R 2 = 2%, t = 0.47, p = 0.50), with 1989 and 1995 having the greatest amount of sunshine.
The mortality peaks for both sexes occurred predominantly in February, coincident with lowest temperatures, but approximately one and a half months after the fewest hours of sunshine (Figure 4) . The acrophase or timing of the peak for significant rhythms for MI varies within the range À358 to À988 (early February-early April) for males and for females within the range À128 to À688 (midJanuary to early March). In general, females showed less fluctuation in amplitude from year to year, and tended to peak slightly earlier in each annual cycle than did males (Table 1, Figure 1, Figure 4) . There was no significant change over the 20 years studied in the time of peak for the lowest temperature (b = 0.28, SE = 0.29, R 2 = 5%, t = 0.92, p = 0.35); peaks occurred consistently in mid-February (Figure 4) . However, the fewest hours of sunshine have occurred later each year (b = À1.1, SE = 0.27, R 2 = 46%, t = 15, p = 0.001), changing from a late December peak to a mid-January peak (Figure 4) . Examination of the 1988/1989 cycle transition for mean minimum temperatures showed a difference compared with other such cycle boundaries. The December of 1988 was the warmest over all cycles examined, and the mildest since 1934. The subsequent 1989 cycle was also the warmest year seen in Northern Ireland since 1959. However, this year had a December temperature 0.7 8C lower than normal-the coldest December since 1981.
The mean level of air particulate matter (PM 10 ) has decreased in the period 1992-1997. Only 1996 had a significant seasonal rhythm, with other years showing poor fit of the cosinor model. The 1996 peak for PM 10 occurred after the peak mortality in MI.
Discussion
We report a seasonal rhythm in the mortality from MI, with a consistent peak in winter and similar amplitudes in both sexes, in agreement with other investigations. 11, 21 All but one statistically significant rhythm peaked within the first 3 months of the annual cycle, with the majority peaking in February. The conformity of this rhythm in MI over the 20 years studied suggests the existence of endogenous biological or exogenous factors, which either work alone, or together, to effect the seasonal rhythm. The importance of one or the other may be difficult to separate.
Seasonal deaths from MI may be due in part to endogenous physiological rhythms in cardiovascular risk factors. For example, large annual blood pressure amplitude is observed, higher in winter than in the summer, 22, 23 and seasonal variation is seen in blood measurements such as fibrinogen, [24] [25] [26] haemocrit, white cell count, platelet count 27, 28 and hormones. 29 Fibrinogen levels are associated with cardiovascular disease, and are known to be a major risk factor for both myocardial infarction and stroke, 30 and to increase during infections. Low body temperature is also associated with increased blood viscosity and platelets. 27, 31 These effects are associated with thrombus formation and may contribute to cardiovascular deaths in winter. Exogenous factors such as climate, diet, activity levels, heating and air conditioning may react directly or indirectly with endogenous rhythms such as blood pressure, fibrinogen levels and platelets, to make the body more vulnerable to the occurrence of a cardiac event. Despite the changes in many of these exogenous factors over recent decades, publications on the secular trend in seasonal variation in cardiovascular disease are few. One significant study by Seretakis et al. (1997) reported a sharp decline in peak-to-trough ratio (seasonal variation) from 1937-1970 (b = À0.006) for coronary deaths in the entire US, followed by a reversal of this trend in the period 1970-1991 (b = 0.0026). 15 Overall from 1937-1991, a linear trend gave a slope of À0.0024 (SE 0.0005). Our study period equates approximately to the second time frame of this US study. However, we report a negative slope similar to that calculated for the first time frame of the US study. Linear regression shows this decline in NI to be non-significant; significance or otherwise of the US slopes are not reported. Nonetheless, it is possible that we are seeing the same response to the same triggers in both the US and NI, with the changes in the triggers in NI lagging behind the same changes in the US. The US study proposed that the increase in second time frame of their study resulted from the increased use of air conditioning, which blunted the effects of heat waves on coronary mortality. The enhancement of the seasonal pattern was therefore due to the lack of summer deaths. 15 In NI, the use of air-conditioning is minimal, and central heating is only now prevalent. One European study reported similar findings to both the US and NI studies, but for all-cause mortality. They found a steady decline in amplitude of the seasonal rhythm over a period of 50 years, coincident with the increased use of central heating and improvements in the public health system. 32 We found that mean monthly minimum temperatures were negatively correlated with MI mortality, as observed in other studies. 31 We also formulated Poisson models to calculate the percentage change in death rate associated with a unit increase in temperature (unreported). Mortality data used was [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . After controlling for season with respect to temperature, the death rate for both sexes for MI decreased by 2.2% (95% CI 3.3-1.1, p-0.001) for each 1 8C increase in temperature. In the twentieth century, the average annual temperature in most of Europe increased by about 0.8 8C. 15 Deaths affected by the cold weather would therefore be expected to decrease. Temperatures in Northern Ireland are considered moderate, and average monthly temperatures rarely exceed 17 8C. Over the period 1979-1998, the mean minimum temperature has risen by 2 8C (from 5 8C to 7 8C). We report a significant decline in MI fatalities coincident with the rise in temperature. The increased temperature, together with the expansion of central heating, may have contributed to the small nonsignificant decline in seasonal mortality rates in Northern Ireland.
The lowest number of hours of sunshine per month occurred from the end of December to midJanuary, approximately 1-1.5 months before the lowest minimum temperature and highest mortality rates. The time lag between the two events suggests that minimal sunshine is unlikely to trigger MI. This study cannot therefore confirm any significant temporal relationship between the level of sunshine and mortality.
There have been many studies that have related increased mortality rates with short-and long-term exposure to air pollutants such as PM 10 , especially in cardiovascular and respiratory diseases. 33, 34 Seaton et al. proposed that air pollutants provoke an inflammatory response in the lungs, which causes changes in the blood coagulability and increases susceptibility to cardiovascular death. 35 A detailed study did not support this hypothesis, but suggested that the increased frequency of mortality from cardiovascular disease during episodes of high particulate air pollution may be related to sequestration of red blood cells in the circulation. 36 Air pollution is linked to elevated levels of blood viscosity and fibrinogen. The present study examined six years of PM 10 data and found only one significant rhythm in PM 10 levels, which occurred in 1996. The highest peak of PM 10 in 1996 occurred less than a week after the peak for mortality from MI. This information is insufficient to comment on an association between PM 10 and MI mortality.
We therefore conclude that in NI, while the rate of mortality from MI has declined from 1979 to 1998, the seasonal variation of the deaths remains, emphasizing the importance of this phenomenon. The impact of climate change and other environmental changes upon these trends requires further study.
